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^SURVEY  OF  THE  REGIONAL 
GOSSYPIUM  HIRSUTUM  L.  PRIMITIVE  RACE 
COLLECTION  FOR  FLOWERBUD  GOSSYPOL 
AND  SEASONAL  VARIATION  BETWEEN  YEARS 
IN  GOSSYPOL  PERCENTAGE  c!,?-0,^ 

By  R.  H.  Dilday  and  T.  N.  Shaver^ 

ABSTRACT 

--^ — ^ 

A  survey  o^^  205/accessions  from  the  regional  Gossypium  hirsutum 
L.  primitive  race  collection  for  flowerbud  gossypol  revealed  several  entries 
that  produced  high  levels  of  bud  gossypol.  These  sources  originated  in 
Mexico  (in  the  States  of  Oaxaca,  Guerrero,  Chiapas,  Yucatan,  Veracruz, 
and  San  Luis  Potosi),  Guatemala,  Paraguay,  El  Salvador,  Nicaragua, 
British  Honduras,  the  Bahamas,  and  Russia.  Texas  766  produced  the 
highest  level  of  bud  gossypol  (1.54%)  in  1972-73.  Sixteen  primitive 
"races"  that  produced  above  1.30%  bud  gossypol  in  1971-72  were  also 
grown  in  1972-73.  There  was  a  significant  difference  between  years  for 
the  levels  of  gossypol  produced  by  the  checks  and  the  primitive  races,  but 
the  year  X  entry  interaction  was  not  significant,  suggesting  that  environ- 
mental factors  uniformly  influence  the  level  of  gossypol  produced. 
KEYWORDS:  cotton,  cotton  germplasm,  Gossypium  hirsutum,  gossypol  of 
Gossypium  hirsutum,  Heliothis  species,  insect  resistance. 


INTRODUCTION 

Numerous  laboratory  and  field  tests  have 
shown  the  adverse  effects  of  gossypol  on  the 
growth  and  development  of  the  bollworm,  Helio- 
this zea  (Boddie),  and  tobacco  budworm, 
Heliothis  virescens  (F.),  larvae  (1,  2,  5,  6,  8, 
9,  13,  16-18).-  Lukefahr  and  Martin  incorpo- 
rated pure  gossypol  into  the  diet  of  larvae  of 
these  insects  at  concentrations  of  0.05  % ,  0.1  % , 
and  0.2%,  which  is  equivalent  to  0.3%,  0.6%, 
and  1.2%  gossypol  on  a  dry-weight  basis  (5). 

1  Research  geneticist  and  research  chemist,  Cotton 
Insects  Research  Laboratory,  Agricultural  Research 
Service,  U.S.  Department  of  Agriculture,  Brownsville, 
Tex.  78520. 

2  Italic  numbers  in  parentheses  refer  to  items  in 
"Literature  Cited"  at  the  end  of  this  publication. 


As  gossypol  levels  were  increased,  there  was 
(1)  an  increase  in  larval  mortality  (percent- 
age) and  an  increase  in  the  number  of  days 
required  for  the  larvae  to  develop  to  the  fourth 
and  sixth  instars,  (2)  a  decrease  in  larval 
weight  after  9  days  and  a  decrease  in  larval 
pupation  (percentage),  and  (3)  an  increase  in 
the  number  of  days  required  to  develop  into 
pupae  and  a  decrease  in  the  weight  of  the 
pupae.  A  sharp  breakpoint  in  toxicity  was 
observed  between  the  0.1%  and  0.2%  level  of 
gossypol.  Most  preliminary  field  studies  on  the 
adverse  effects  of  high  levels  of  gossypol  on 
Heliothis  larvae  have  been  limited  to  a  single 
germplasm  source  (i,  10).  This  source  is  a  wild 
photoperiodic  cotton,  discovered  in  1897, 
endemic  to  Socorro  Island.  Re-collected  in  1957 
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by  Moran  near  Academy  Bay  at  the  northern 
end  of  Socorro  Island,  it  was  later  referred  to 
as  Socorro  Island  wild  cotton  and  described 
by  Fryxell  and  Moran  {A) . 

Socorro  Island  wild  cotton  was  cross-polli- 
nated to  Deltapine  15,  and  an  selection  from 
this  cross  was  later  hybridized  with  M-11. 
One  of  the  first  reported  day-neutral  deriva- 
tives was  designated  XG-15  (7).  Cotton  breed- 
ers attempting  to  transfer  high  levels  of  bud 
gossypol  into  agronomically  acceptable  cotton 
have  found  that  initially  XG-15,  and  other  early 
derivatives  from  Socorro  Island  wild  cotton, 
were  aberrant,  sterile,  and  small  boiled,  causing 
this  line  to  be  difficult  to  use  as  a  source  for 
transferring  the  high-gossypol  trait  into  an 
agronomically  acceptable  background.  These 
derivatives  were  therefore  considered  some- 
thing less  than  desirable  as  a  source  of  high 
bud  gossypol.  Significant  improvements,  how- 
ever, have  recently  been  reported  with  this 
source  of  high  gossypol  {11,  12).  Dilday  and 
Shaver  surveyed  256  wild  and  feral  cotton  ac- 
cessions and  found  that  many  stocks  in  the 
collection  produced  significantly  higher  levels 
of  bud  gossypol  than  the  check  lines,  which 
produced  levels  comparable  to  commercial 
varieties  (5). 

The  identification  and  level  of  production  of 
biochemical  or  physiological  factors  in  the  plant 
that  impart  resistance  to  insect  pests,  for  ex- 
ample, gossypol,  may  be  influenced  by  environ- 
mental factors  (light,  temperature,  and 
moisture),  disease,  or  injury.  During  the 
screening  of  potentially  new  and  superior  high 
bud  gossypol  germplasm,  variation  in  gossypol 
levels  between  years  was  observed  among  sev- 
eral wild  and  feral  cotton  stocks.  This  paper 
reports  on  the  survey  and  on  the  differences 
in  gossypol  levels  produced  by  these  stocks. 

MATERIALS  AND  METHODS 

At  Texas  A&M  University,  College  Station, 
Tex.,  the  U.S.  Department  of  Agriculture,  in 
cooperation  with  State  agricultural  experiment 
stations,  maintains  the  regional  Gossypium 
hirsutum  L.  primitive  race  collection,  also  re- 
ferred to  as  the  Texas  race  stock  collection. 
About  1,000  wild  and  feral  cotton  accessions 
are  in  the  collection,  and  they  have  been 
gathered  in  Mexico,  Central  and  South  America, 
the  Soviet  Union,  Africa,  and  numerous  At- 


lantic and  Pacific  islands  {3,  15).  In  the  winter 
of  1971-72,  251  of  these  wild  and  feral  cotton 
accessions  were  grown  at  Camp  Cotaxtla  near 
Veracruz,  Veracruz,  Mexico,  and  surveyed  for 
bud  gossypol  content  (3).  In  the  winter  of 
1972-73,  an  additional  158  new  entries  were 
planted  at  the  same  Veracruz  site.  Also,  68 
entries  cultivated  in  1971-72  were  grown  in 
1972-73.  These  entries  were  either  maintained 
at  the  same  site  for  one  complete  generation  or 
replanted  from  seed  in  1972-73.  They  were 
grown  in  Mexico  during  the  winter  months 
because  of  the  short-day  photoperiodic  growth 
habit  of  most  of  the  wild  and  feral  stocks  in 
the  collection.  The  material  was  packaged  at 
Brownsville,  and  later  each  entry  was  planted 
three  seeds  per  hill  and  30  cm  apart  in  a  15.2-m 
row  at  the  Mexican  location. 

The  1972-73  survey  included  at  least  one 
representative  from  six  (latifolium,  punctatum, 
marie-galante,  palmeri,  richmondi,  and  mor- 
rilli)  of  the  seven  race  groups  listed  in  "The 
Regional  Collection  of  Gossypium  Germplasm" 
(15).^  The  accessions  included  in  the  survey 
originated  in  Mexico  (in  the  States  of  Guerrero, 
Chiapas,  Yucatan,  San  Luis  Potosi,  Veracruz, 
and  Oaxaca),  Guatemala,  El  Salvador,  Para- 
guay, Russia,  Nicaragua,  the  Bahamas,  and 
British  Honduras.  Two  Hopi  entries  from  New 
Mexico  were  also  included  in  the  survey.  M-8, 
a  doubled  haploid  developed  by  J.  R.  Meyer, 
an  Agricultural  Research  Service  (ARS)  re- 
search geneticist  (retired),  and  542,  an  inbred 
line  developed  by  F.  D.  Wilson,  an  ARS  research 
geneticist,  were  the  check  materials;  both  check 
lines  produce  levels  of  bud  gossypol  comparable 
to  those  of  standard  commercial  varieties. 

Flowerbuds  of  the  226  stocks  were  collected 
four  times,  unless  otherwise  noted,  from  Octo- 
ber 1972  to  February  1973.  Observations  made 
at  Veracruz  in  the  winter  of  1971-72  indicated 
that  the  accessions  varied  appreciably  in  the 
date  of  first  flowering.  Because  of  this  differ- 
ence in  fruiting  habit  and  plant  maturity,  the 
collection  dates  were  not  the  same  for  all  226 
entries.  As  the  flowerbuds  were  harvested,  most 
of  the  peduncle  region  was  removed  in  the 
field.  The  buds  were  quickfrozen  on  Dry  Ice, 
debracted  at  the  Veracruz  site,  and  transferred 


3  The  7th  race,  yucatanense,  is  included  in  the  col- 
lection, but  the  catalog  (15)  does  not  identify  acces- 
sions belonging  to  that  group. 
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on  Dry  Ice  to  Brownsville,  Tex.,  where  they 
were  freeze-dried  and  later  analyzed  for  bud 
gossypol  content  (percent  gossypol  determined 
on  a  dry-weight  basis)  by  a  colorimetric  method 
involving  reaction  with  aniline,  an  accepted 
method  for  determining  bud  gossypol  but  one 
that  is  not  specific  (lA).  At  least  two  de- 
terminations were  made  per  sample  per  col- 
lection date.  The  mean  gossypol  content  of 
each  sampling  of  the  226  entries  collected  2 
to  4  times  was  compared  statistically  to  mean 
contents  of  the  checks. 

RESULTS  AND  DISCUSSION 

Because  of  plant  type,  sampling  procedure, 


and  analytical  technique,  only  141  of  the  158 
new  entries  grown  in  1972-73  and  64  of  the 
68  entries  grown  in  1971-72  and  1972-73  were 
analyzed  2  to  4  times  for  flowerbud  gossypol. 
The  remaining  21  entries  were  analyzed  1  time 
and  are  not  included  in  this  report.  The  mean 
gossypol  content  of  M-8  was  0.48%,  and  the 
mean  of  542  was  0.56  % ,  with  a  standard  error 
of  0.0255.  The  95%  confidence  interval  for 
M-8  has  a  low  limit  of  0.43  7^  and  a  high  limit 
of  0.53%  ,  and  for  542  the  low  limit  is  0.51% 
and  the  high  limit  0.61%^-.  The  mean  level  of 
flowerbud  gossypol  produced  by  the  141  addi- 
tional stocks  tested  in  1972-73  and  the  2  check 
lines  is  presented  in  table  1.  The  average  gossy- 


Table  1. — Average  gossypol  percentages  of  lUl  Gossypium  hirsutum  Texas  race  stocks  and  2 
check  lines  from  U  picking  dates,  Veracruz,  Mexico,  1972-73 
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94 
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.40** 

267 

.59 

760 

.70 

1166 

.40 
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1.05 
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.48 
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*  Denotes  2  samples.  **  Denotes  3  samples. 
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Table  2. — Fifty-seven  Gossypium  hirsutum  entries  that  produced  hud  gossypol  percentages 
greater  than  the  confidence  limits  of  both  check  lines  (0.61%)  in  1972-73  at  Veracruz, 
Mexico,  their  race  designations,  and  points  of  origin 


Texas 
No. 


Race 


Origin 


Texas 
No. 


Race 


Origin 


12 
39 
53 
62 
111 
125 
144 
145 
176 
184 
210 
216 
254 
260 
261 
292 
295 
458 
1459 
479 
498 
610 
713 
720 
725 
730 
742 
753 
754 


Richmondi   Oaxaca. 

Latifolium   Chiapas. 

...  do   Do. 

...  do   Do. 

Marie-galante   Guatemala. 

Morrilli   Oaxaca. 

Punctatum   Guatemala. 

Richmondi   Oaxaca. 

Latifolium   Guatemala. 

Marie-galante    Do. 

Morrilli    Do. 

Latifolium   El  Salvador. 

Morrilli   Oaxaca. 


do 
do 
do 
do 
do 


Do. 
Do. 
Do. 
Do. 
Do. 

Guatemala. 

Russia. 

("-). 

Nicaragua. 
Do. 

British  Honduras. 
Mexico. 
Do. 

Veracruz,  Mexico. 
Do. 


755 
759 
760 
765 
766 
767 
769 
770 
773 
786 
805 
986 
1006 
1032 
1053 
1148 
1149 
1151 
1152 
1155 
1157 
1158 
1167 
1174 
1175 
1183 
1187 
1188 


Veracruz,  Mexico. 
Do. 
Do. 

British  Honduras. 
Do. 
Do. 

Chiapas,  Mexico. 

British  Honduras. 

Bahama. 

(^). 

(3). 
(3). 

(  = 

(^). 
(^). 


'  Texas  459  is  not  listed  in  "The  Regional  Collection  of  Gossypium  Germplasm"  (15). 
-  Origin  unknown. 

'•  Recent  additions  to  the  collection;  origin  unknown. 


pol  content  ranged  from  a  high  of  1.54%  for 
Texas  766  to  a  low  of  0.27%  for  Texas  247. 
Of  the  141  entries,  83  had  a  mean  gossypol 
content  that  was  significantly  greater  than  the 
confidence  limits  of  M-8,  33  were  significantly 
smaller,  and  25  were  within  the  limits  of  M-8. 
Also,  57  entries  were  significantly  greater,  52 
were  significantly  smaller,  and  32  entries  were 
within  the  confidence  limits  of  542.  The  57 
entries  with  mean  gossypol  levels  greater  than 
the  upper  confidence  limits  of  the  greater  mean 
of  the  2  checks  (0.61%)  were  diverse  in  both 
plant  type  and  point  of  origin,  as  shown  in 
table  2. 

The  mean  gossypol  levels  of  the  64  entries 
tested  in  both  1971-72  and  1972-73  are  pre- 
sented in  table  3.  The  gossypol  levels  ranged 
from  a  high  of  1.96%  for  Texas  197  to  a  low 
of  0.57%  for  both  Texas  327  and  658,  with 


a  mean  of  1.04%  for  all  entries  in  1971-72, 
as  compared  to  highs  of  1.11%  for  Texas  664 
and  1.08%  for  Texas  197  to  a  low  of  0.39% 
for  both  Texas  312  and  327,  with  a  mean  of 
0.66%  for  all  entries  in  1972-73.  Twenty-one 
entries  produced  mean  gossypol  levels  above 
1.30%  in  1971-72,  and  sixteen  of  these  entries 
were  repeated  (seed  planted)  the  following 
year.  When  95%  confidence  limits  were  set 
for  the  mean  of  the  checks,  the  gossypol  content 
of  15  of  the  16  entries  that  were  significantly 
greater  than  the  confidence  limits  of  the  checks 
in  1971-72  were  also  significantly  greater 
than  the  upper  confidence  limit  of  the  mean 
of  the  checks  in  1972-73  (table  4).  Table  5 
shows  that,  at  the  95%  confidence  level,  there 
was  a  significant  difference  among  entries 
and  between  years  in  gossypol  levels  for  the 
18  stocks.  However,  the  year  X  entry  interaction 
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Table  3.—. 


■Average  gossypol  percentages  of  6U  Gossypium  hirsutum  Texas  race  stocks  and  2 
check  lines  analyzed  for  bud  gossypol  percentage  in  1971-72  and  1972-73 


Texas 
No. 

Gossypol  {%) 

Texas 
No. 

Gossypol  (%) 

Texas 

Gossypol  (%) 

1971-72 

1972-73 

1971-72 

1972-73 

No. 

1971-72 

1972-73 

6 

1.15 

0.65 

304 

0.59 



0.42 

497 

1.57 

0.97 

11 

.80 

.58 

306 

1.48 

.46 

499 

1.44 

.88 

16 

.99 
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1.30 

.41 
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72 

1.01 
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.91 
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1.02 
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.51 
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1.61 
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.81 

316 

1.06 

.44 

609 

.83 

.69 

114 

1.37 

.77 
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1.17 

.47 

655 

1.09 

.63 
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1.62 

.80 

322 

.61 

.50 

658 

.57 

.73 

119 

1.20 

.69 
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.73 

.51 

664 

1.38 

1.11 

128 

1.12 

.86 

324 

.67 

.44 

674 

1.34 

.76 

152 

1.19 

.63 
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.62 

.45 

679 

.86 

.66 

164 

.90 

.49 

327 

.57 

.39 

681 

1.06 

.53 

165 

1.18 

.89 

330 

.85 

.50 

701 

.80 

.46 

187 

1.59 

1.02 

335 

.63 

.45 

707 

1.32 

.94 

192 

.99 

.86 

337 

.64 

.43 

711 

.89 

.56 

197 

1.96 

1.08 

Q  /I  A 

o4tJ 

.79 

.42 

1 4y 

.93 

.58 

203 

.90 

.45 

344 

.80 

.42 

938 

.86 

.81 

.76 

.60 

4dU 

.78 

.63 

951 

1  1  n 

78 

231 

1.46 

.90 

461 

.78 

.66 

952 

1.47 

.98 

265 

955 

1.06 

.72 

.69 

.52 

469 

.64 

.71 

Checks 

293 

.99 

.67 

490 

1.69 

.74 

M-8 

.71 

.48 

297 

1.47 

.99 

492 

1.18 

.63 

542 

.71 

.56 

Table  4. — Mean  gossypol  levels  of  16  Gossy- 
pium hirsutum  Texas  race  stocks  gro  wn  in 
1971-72  and  1972-73  that  produced  flower- 
hud  gossypol  above  1.30  percent  at  Vera- 
cruz in  1971-72 


Texas 
No. 


Gossypol  (%) 


1971-72 


1972-73 


102 

1.36 

1.02 

114 

1.37 

.77 

115 

1.62 

.88 

187 

1.59 

1.02 

197 

1.96 

1.08 

231 

1.46 

.90 

297 

1.47 

.99 

306 

1.48 

.46 

490 

1.69 

.74 

497 

1.57 

.97 

499 

1.44 

.88 

606 

1.61 

.98 

664 

1.38 

1.11 

674 

1.34 

.79- 

707 

1.32 

.94 

952 

1.47 

.98 

Checks  :i 

M-8 

.71 

.48 

542 

.71 

.56 

1  Upper  confidence  limit  of  M-8  and  542  in  1971-72 
was  0.76%,  and  0.53%  and  0.61%,  respectively,  in  1972- 
73. 


Table  5. — Analysis  of  variance  of  16  Gossy- 
pium hirsutum  Texas  race  stocks  and  2 
_   check  lines  grown  in  1971-72  and  1972-73 
at  Veracruz  and  harvested  for  flowerbud 
gossypol  content 

Source  df  SS  MS  F 

Harvest                       3  0.568  0.189  2.73 

Entries                       17  6.788  .399  i5.76 

Years                          1  11.340  11.340  1163.87 

Entries  X  years    •••    17  2.025  .119  1.72 

Residual                    105  7.271  6.924 

Total               143  27.992 

1  Significant  at  the  0.05  level  of  probability. 

was  not  significant,  meaning  that  the  com- 
parable level  of  gossypol  percentages  for  all 
entries  was  not  significantly  different  in  the  2 
years.  This  indicates  that  the  mechanism  or 
mechanisms  responsible  for  the  production  of 
high  levels  of  gossypol  for  the  entries  tested 
for  both  years  was  consistent;  however,  en- 
vironmental factors  can  have  a  great  influ- 
ence on  the  level  of  gossypol  produced. 
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